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Introduction 
Fibropapillomatosis (FP) is a debilitating and life-threatening disease of the endangered 
green turtle (Chelonia mydas) and has been documented worldwide (Herbst 1994; Hirth 
1997). First reported in 1938 in Key West, Florida (Smith and Coates 1938), there has 
been a dramatic increase of the prevalence of FP in Hawaii and Florida, with a clearly 
defined distribution of FP in these areas (see FIGURE 1). The etiology of FP is still 
unknown, although transmission has been linked to a virus (Herbst et al. 1995). Many 
potential cofactors may play a role in the etiology of this disease, including biotoxins 
naturally occurring in sea turtle habitat. 
The benthic dinoflagellates, Promcentrum Ijma, P. concavum, and P. cf hoffmannianum 
(see FIGURE 2), produce the toxin okadaic acid (OA) (Murakami et al. 1982; Dickey et 
al. 1990; Aikman et al. 1993). OA has been demonstrated experimentally to induce 
papillomas in mice (Suganuma et a1.1990). Benthic Prorocentrum have a worldwide 
distribution and are epiphytic on macroalgae and seagrasses (Bomber et al. 1 989), 
which are major components of green turtle diets. Green turtles may be consuming 
Promcentrum while grazing on macroalgae and seagrass, and are potentially exposed to 
OA (Landsberg et al. 1999). A pioneering study in the Hawaiian Islands found a positive 
correlation between the distribution of the potential tumor-promoting dinoflagellates 
Prorocentrum spp., turtle food substrates (macroalgae and seagrass) with epiphytic 
Prorocentrum spp., presumptive OA in turtle tissues, and FP prevalence (Landsberg et 
al. 1999). On a broader geographic scale, a study comparing abundance and 
distribution of Promcenfrum spp. at two locales isolated from one another, Hawaii and 
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Florida, is ongoing. The purpose is to make a comparative study between P m e n t n r m  
spp. and FP in both the Pacific and the AtlantiiGulf of Mexico. Nine research sites in 
the Hawaiian Islands, and four sites around Florida have been sampled seasonally for 
the presence and abundance of epiphytic, benthic Plwocentmm spp. These sles 
demonstrate a marked FP distribution, with areas with a high prevalence of FP, and 
control areas with no FP. Environmental factors that influence Prorocentntm abundance 
are considered, including seasonal variation, salinity, water temperature, and substrate 
preferences. 1 I
I 
The preliminary results indicated here are from the winter (February) samples from 
Hawaii, with a portion of the summer (August) samples included (Hawaii and Maui). 
From Florida, these preliminary results are from spring (May) and summer (August) 
samples. 
Po'ipu 
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FIGURE 1 : Study sites in Hawaii and Fbrlda with FP pmvaknce indbtd  a Rare FP (4 W )  
- 
Medium FP Prevaknce ( I  1450%) 
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Methods 
The basic design of our study is a comparison of distribution and densities of the known 
OA-producing Promcentrum spp. to known FP prevalence within Florida and Hawaii. 
Samples of macroalgae have been collected at four areas around Florida and at nine 
areas around the Hawaiian islands (see FIGURE I for locations of sites) on a seasonal 
basis. Selection criteria for these areas were the presence of grazing green turtle 
populations, and differences in FP prevalence between the locations. Within each of the 
sites, there were two independent experimental units (to account for local variation) from 
which five or more representative species of macroalgae andlor seagrass were 
collected, two replicates each. Environmental parameters including salinity, water 
temperature, and geographic coordinates were taken. The presence and abundance of 
Prorocentrum is being evaluated from these macroalgal samples via microscope counts 
and identification. The collection of samples and microscopic counts and identification 
methods follow those of Landsberg et al. (1999). The "control areasJ' are the locations 
where there is 4 %  prevalence of FP in the green turtle population frequenting that area, 
e.g. St. Joseph Bay in Florida and the Kona Coast in Hawaii. Since logistics did not 
allow us to be at both Florida and Hawaii on a quarterly basis for a period of a year to 
collect samples, samples were taken at both locations twice in one year, in winter and in 
summer (based on water temperature highs and lows). In Florida, additional samples 
were taken in spring and fall. 
Because of the known variability in substrate preference of Pmrocentrum, a substrate 
found at the majority of the sites (and in green turtle diet), was used for each location 
comparison. The Prorocentrum counts from this substrate were compared between 
sites for each state. For Hawaii, Acanthophora spicifera (n = 23) was used. It is a 
macroalga present at the majority of the study sites, and it is common in green turtle diet 
(Russell and Balazs 2000). In Florida, Halodule wrightii (n = 32) was present at all of the 
study sites, and is common in green turtle diet (Mendonca 1984; Bjorndal 1997). 
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FIGURE 3: Cumulative Probability of being Classified 
LOW ( 4  %) or MEDIUM ( I  1 - 50%) GTFP 
Prorocentrum Count 
(Celldg macroalgae substrate) 
FIGURE 4: Cumulative Probability of being Classified 
as HlGH (51 - 100%) GTFP 
Prorocentrum Counts 
(celldg macroalgae substrate) 
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The cumulative probability for disease prevalence (LOW - <I%, MEDIUM - 11 - 50%, or 
HlGH - 51 - 100%) in terms of the independent variable Pmrocentrum, was modeled 
using SAS (FIGURE 3 and FIGURE 4). In order to generate the model, the following 
assumptions were made: salinity was fixed at 30 ppt, seasonality was a fixed variable, 
and the substrate used for the comparison was one species (Acanthophora spicifem for 
Hawaii, Halodule wrightii for Florida). 
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HAWAII: 
Preliminary results indicate Prorocentrum has an influence on the probability of being 
classified in LOWIMEDIUWHIGH FP categories as demonstrated in FIGURE 3 and 
FIGURE 4. Pmrocentrum proved to be significant in the model as related to cumulative 
probabilities of FP rates (p ~0.0018). These results represent the winter (February) 
season of Hawaii, combined with a small percentage of the summer (August) samples. 
TABLE 1 displays the site distribution, proportion of Promcentrum-positive samples, and 
mean numbers of Pmcenfnrm cells as related to distribution and FP prevalence in 
Hawaii in winter (February) season 
TABLE 1: Site distribution, proportion of Prorocentrum-positive samples, and mean number of 
Prorocentrum cells in relation to the distribution and prevalence of green turtles with FP in Hawaii in 
February. 
Mean # of 
Prorocentrum 
Number of Number of (cellslg) on 
Prevalence substrate substrate % of samples substrates 
Site of turtles species with species with consumed by 
Kaneohe Bay, Oahu 10 10 90.5 39.1 
Honokawa~, Maui 9 9 84.0 5.4 
Wa~loki, Oahu 7 7 95.0 32.4 
Northeast Kaua~ 9 9 100.0 9.0 
Southeast Kaua~ 6 7 85.0 5.3 
H~lo, Hawail 1 7 16.7 0.3 
Kona Coast, Hawail -. 2 4 28.6 0.3 
Punalu'u, Hawa~i . - 0 4 0.0 0.0 
----- 
" From Balazs (1991, unpublished data), Balazs et al. (1994a, 1994b, 1998a, 1998b). Tumor prevalence: - 
is rare (4 %); -? is low (1 -10%); is medium (1 160%); and is high (51-100%). 
FLORIDA: 
As seen in FIGURE 3 and FIGURE 4, Pmmcentrum had no significant influence on the 
cumulative probabilities of FP LOWlMEDlUMlHlGH categories. The p-value for testing if 
Promcentrum is a good predictor for FP prevalence is high (p c 0.7096), indicating no 
influence of Prorocentrum on FP in Florida. The results indicate that the probability of 
being classified in one of the FP categories mainly depends on salinity or other unknown 
factors not accounted for in this study. TABLE 2 displays the site distribution, proportion 
of Promentnrmpositive samples, and mean numbers of Pmmcentrum cells as related 
to distribution and FP prevalence in Florida in spring and summer seasons. 
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TABLE 2: Site distribution, proportion of Prorocentrum-positive samples, and mean number of 
Prorocentrum cells in relation to the distribution and prevalence of green turtles with FP in Florida 
- 
Mean number 
of 
Prwacentrum 
Number of Number of (celldg) on 
Prevalence substrate substrate O h  of samples substrates 
Site of turtles species with species with consumed by 
with G T F P  Prorocenfrum sampled Promcentrum turtles 
Florida Bay 
Mosquito Lagoon 
Cedar Key Vicinity 
St. Joseph Bay 
SUMMER (AUG) 
Florida Bay 7 7 100.0 73.6 
Mosquito Lagoon 8 8 100.0 130.3 
Cedar Key Vic~nity 5 5 100.0 181.7 
St. Joseph Bay 
v- 
5 
, ,  --- , , 
5 100.0 9.9 
" From Foley (personal communication, 2001), Schmidt (personal communication, 2000), Provancha 
(personal communication, 2000), and Schroeder et al. (1997). Tumor prevalence: - is rare (<l0h); 4 
is low (1-1 0%); is medium (I lbOOh); and is high (51-100%). 
Discussion 
While these preliminary results do not necessarily support a relationship between 
Pmmcentrum and FP in Florida, the addition of fall and winter counts from each of the 
sites may alter the results. Toxin production in Prorocenfrum is also a factor that 
requires consideration. We also recognize that there are several new species of 
Pmrocentrum that produce OA that are not accounted for in this study (Steidinger & 
Landsberg, unpublished data). 
There are numerous factors that can contribute to turtles being exposed to OA: 
multiple species of Pmrocentrum and toxin production, substrate variability, substrate 
choices, and where turtles are feeding are a few examples. In this study, we focused on 
one: distribution of Promcentrum, within the context of certain environmental variables 
(salinity and temperature) and seasonality. Although this study is comparing density of 
Pmmcentrum versus FP prevalence, in reality it is much more complex. The three 
Promcentrum species discussed here are known to produce OA, but usually under 
specific environmental conditions (Murakami et al. 1982; Dickey et al. 1990; Aikman et 
al. 1993). Optimal environmental conditions for the highest OA-production levels in P. cf 
hoffmannianum include specific ranges in light intensity and temperature (Morton and 
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Bomber 1994). Maximum biomass, total OA from a group of cells, growth rate, and OA 
content per cell are all independent variables, with each maximized or minimized with 
different environmental parameters (Morton and Bomber 1994). In other words, even if 
Prwr>centrum is present at high or low numbers in an area, the total amount of OA 
produced between the sles may be independent of the number of Pl~ l l~~ent rum 
present. Additiinally, we need to determine the exposure of turtles to OA. Comparisons 
need to be made in parallel with Pmr0~6ntrum abundances and presumptive OA 
exposure. Geographic locatin is also important. Many dinoflagellates are known to 
vary their toxin productiin depending on their distribution. 
Conclusion 
According to initial results, there is a significant relationship in numbers of 
P~wlocenfmm cells to FP in Hawaii, but not in Florida. However, in order to generate the 
model we have used the assumptions of a fixed salinity, fu<ed seasonality, and a 
comparison between one substrate for each location. 
We recognize that there are a number of variables in toxin production, and hence 
the exposure of green turtles to OA. But confirmation of the presence of Pmmcentrum 
species known to produce OA in areas of FP is important. In this study we clarifmd that 
in two major areas in the U.S. where FP is highly prevalent, Pmmentrum, a known 
tumor-promoter, is a common risk factor. 
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